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Introduction
Non-thermal mechanisms are able to accelerate particles up to relativistic energies. There are different scenarios, some of them related to the interaction of winds, jets in AGNs, etc., where strong shocks are produced and particles can gain energy. The relativistic particles accelerated in these environments interact with the ambient matter, the magnetic fields and/or the photon fields to produce gamma-rays. Very High Energy gamma-rays (VHE, above 100 GeV) can be produced through leptonic processes such as Inverse Compton scattering (IC) or through a hadronic process such as proton-proton interactions.
Very high energy cosmic rays or γ-rays interacting with the molecules of the Earth's atmosphere initiate cascades of particles known as Extensive Air Showers (EAS). The showers produced by primary γ-rays are classified as electromagnetic showers whereas the showers produced by hadrons are hadronic showers. Both showers can be distinguished because the hadronic showers produce an asymmetric and wider development compared to electromagnetic showers. The particles produced in such air showers are relativistic and can exceed the speed of light in air, producing the so called Cherenkov radiation [1] . The Cherenkov light emitted from air showers has a duration of less than 10 nanoseconds and the peak of the emission is at UV-blue wavelengths (330 nm). This radiation can be detected with Imaging Atmospheric Cherenkov Telescopes (IACTs) like H.E.S.S., MAGIC or VERITAS.
The MAGIC experiment
MAGIC (Major Atmospheric Gamma Imaging Cherenkov) is an international collaboration of ∼ 160 scientists from 11 countries that operates two IACTs at El Roque de los Muchachos Observatory (2200 m above sea level ) at the island of La Palma, Spain. MAGIC started operating a single telescope with a diameter of 17 m in 2004, and a second telescope with the same diameter was inaugurated in 2009 allowing to operate in stereo mode. The energy range of the stereoscopic system ranges from 50 GeV to above 50 TeV with an angular resolution of 0.07 • -0.14 • at energies 0.1 -1 TeV. The sensitivity is 0.6 % of the Crab Nebula flux in 50 hours above 300 GeV [2] and the field of view is 3.5 • . The repositioning rate is ∼7 • /s. The telescopes performance, in particular the low energy threshold, the high sensitivities within hour timescales and the fast repositioning, makes MAGIC an idoneous instrument to explore the VHE sky.
Science Highlights: Galactic

Binaries
LS I +61 303 is an X-ray binary system composed of a Be star and a compact object, with an orbital period of 26.5 days and an eccentricity of e = 0.54. Periodic emission coincident with the orbital period has been found in radio, infrared, optical and X-rays, making this source an excellent laboratory to study the different mechanisms taking place in these kind of systems. Two years after starting its operations, MAGIC detected variable VHE gamma-ray emission from LS I +61 303 (see figure 1 ) [3] , suggesting that the emission is periodic and allowing to have a complete view along the full electromagnetic spectrum. The confirmation of the 26.5 days period at VHEs was obtained three years later [4] . LS I +61 303 also shows a 4.4 years super-orbital modulation, first suggested by [5] from radio observations. Using VERITAS and MAGIC data, a super-orbital variability at TeV energies was found which is consistent with the radio period [6] .
Cygnus X-1 and Cygnus X-3 are two binary systems in which the compact object is a wellestablished black hole in the first case and possibly also in the second one. Both of them have been detected at high-energies by AGILE [7] and Fermi-LAT [8] . At VHEs none of them has been detected and only a hint of emission with MAGIC simultaneously with a hard X-ray flare during a hard state of the source was reported [9] . 
Pulsars
MAGIC detected a pulsed signal from the Crab at E > 25 GeV with a statistical significance of 6.4σ [10] , being the first pulsar seen by a Cherenkov telescope. The pulsed signal occurs at the same spin phases as those observed with EGRET (E > 100 MeV) and simultaneous with optical data taken with the central pixel of the MAGIC camera. The obtained phase-averaged spectrum revealed a high cutoff energy, which indicates that the emission happens far out in the magnetosphere, excluding the polar-cap scenario and challenging the slot-gap scenario. At higher energies, VERITAS found pulsations up to energies of 250 GeV [11] and MAGIC up to 400 GeV [12] . These results motivated a revision of the outer gap model and the generation of new scenarios involving IC scattering of magnetospheric X-rays in presence of a cold ultrarelativistic wind dominated by kinetic energy [13] . More recently, after analyzing more than 300 h of good-quality data obtained during more than seven years of the Crab pulsar observations, MAGIC reported the most energetic pulsed emission ever detected from a pulsar [14] (see figure 2 ). The pulsed emission, reaching up to 1.5 TeV, challenges all available models and suggests that the gamma-ray emission is produced in the vicinity of the light cylinder with a mechanism involving IC scattering of low-energy photons. 
Supernova Remnants
Supernova remnants (SNRs) are thought to accelerate the bulk of the Galactic cosmic rays, and in the case of young SNRs, they could be able to provide PeV cosmic rays. Cassiopeia A (Cas A) is the youngest Galactic SNR, 340 years old, and has been considered an excellent candidate to study particle acceleration processes. The MAGIC telescopes observed Cas A during 158 hours and derived its spectrum between 100 GeV and 10 TeV [15] . The spectrum was completed at lower energies (60 MeV -500 GeV) by analyzing 8 yr of Fermi-LAT data. Both spectra were compatible within errors. The MAGIC data reveal a high-energy cut-off at ∼0.01 PeV, challenging the assumption that young SNRs are PeVatrons. The break in the Fermi-LAT spectrum at ∼1 GeV combined with the MAGIC results suggests that the γ-ray emission is mostly hadronic in origin.
Science Highlights: Extragalactic
Expanding the TeV universe
Highly energetic gamma rays from distant sources can be strongly attenuated after interacting with low-energy photons from the Extragalactic Background Light (EBL) (gamma + gamma -> electron + positron). For z ∼ 1 the EBL cut-off is at ∼ 100 GeV, at the border of IACT sensitivity. MAGIC, thanks to its low-energy threshold, has been able to detect the farthest objects ever observed in the TeV sky. The first of them was the radio quasar 3C 279, at a redshift of z = 0.536, which allowed to test the transparency of the universe to gamma rays [16] (see figure 3 ). Later, with the MAGIC stereoscopic system, VHE emission from the blazar PKS 1441+25 during an outburst was detected for the first time [17] . This blazar, with a redshift z = 0.940, is the second most distant known VHE source and probed the EBL at redshifts ∼1. Recently, a measurement of the EBL has been carried out using MAGIC and Fermi-LAT spectra of 12 blazars with redshift up to 1 [18] . 
Gravitational lensed γ-rays
QSO B0218+357 is a flat spectrum radio quasar located at a redshift of z = 0.944 that is gravitationally lensed by the spiral galaxy B0218+357 located at z = 0.685. Due to the gravitational effect of the intervening galaxy B0218+357, the photons emitted from QSO B0218+357 in the direction to the observer form two paths that reach the observer with a delay of about 11 days [19] . In July 2014 QSO B0218+357 experienced a violent flare observed by the Fermi-LAT and followed by the MAGIC telescopes. This is the farthest VHE source detected to date, achieving a flux of ∼30 % of the Crab Nebula at 100 GeV [20] . The spectral energy distribution of QSO B0218+357 is consistent with current EBL models.
Fast variability in AGN
Supermassive black holes are found in the centers of galaxies where powerful jets are commonly observed at radio wavelengths. MAGIC has detected extremely fast variability from all classes (Radio Galaxies, Flat Spectrum Radio Quasars, BL Lacs). One way to study the region of formation of the jet is through high resolution radio interferometry observations. However, an alternative method to constrain the size of the emission zone is through variability studies. MAGIC saw an impressive flare of the Radio Galaxy IC 310 in 2014, showing variability with flux doubling in time-scales down to 4.8 minutes [21] (see figure 4 ). This fast variability constrains the size of the emitting zone to be smaller than 20% of the gravitational radius of the black hole. To explain the origin of the substructures smaller than the event horizon, there are different possibilities: mini-jet structures [22] ; jet-cloud interactions [23] ; and magnetospheric models [24] where the emission is associated with pulsar-like particle acceleration by the electric field across a magnetospheric gap at the base of the radio jet. However, it is still unclear whether the emission scenario is close to the central engine or further out. 
Dark Matter Searches
There are different methods to search for Dark Matter (DM). One of these methods is the indirect detection of gamma-rays due to annihilations or decays of Weakly-Interacting Massive Particles (WIMPs) DM particles. Possible targets are: Clusters of galaxies, the Galactic center and Halo, and dwarf galaxies.
The dwarf spheroidal galaxies are good target candidates for indirect detection of DM with γ-ray observatories. In particular, those who are satellites of the Milky Way are the best candidates because they are relatively close and not much contaminated by γ-rays of astrophysical origin. MAGIC made deep observations of the satellite dwarf galaxy Segue 1. No signals of DM particles in the mass range 100 GeV -20 TeV were found [25] . However, the results provided the most stringent constraints to the annihilation cross-section or decay lifetime obtained from observations of satellite galaxies, for masses above a few hundred GeV. The MAGIC telescopes have carried out the deepest VHE observational campaign on a Cluster of galaxies, observing the Perseus cluster for about 400 hours in the 2009-2017 period [26] . Although no evidence of a DM signal has been found, it was concluded that DM particles have a decay lifetime longer than ∼ 10 26 s in all considered channels, putting the most constraining limits on decaying DM particles from ground-based γ-ray instruments.
MAGIC GRB program
The design of MAGIC was optimized for working at low energy and with a fast repositioning. These characteristics made MAGIC an instrument with the required performance to study GRBs. Pursuing the goal of detecting a GRB at VHEs, the MAGIC Collaboration has devoted around 50 hours per year, during many years, to observe GRBs after receiving alerts through the Gamma-ray Coordinates Network (GCN). Since 2005, 101 GRBs were observed, which means an average of 8-10 GRBs per year. 38 GRBs had the redshift known, and 14 of them a redshift lower than 1.5. Thanks to the MAGIC speed positioning, 22 GRBs were observed with a delay smaller than 100 seconds.
On January 14, 2019 the X-ray detector BAT, on board the satellite Swi f t, triggered an alert of the GRB 190114C [27] . The MAGIC telescopes performed a rapid follow-up observation that started about 50s after Swi f t. The real-time analysis showed a significance of more than 20 σ in the first 20 minutes of observations for energies > 300 GeV [28] . This has been the first detection of a GRB at sub-TeV energies.
Science Highlights: Multimessenger
Gravitational waves follow-up
An electromagnetic follow-up is necessary to constrain the source's emission of the sources of gravitational waves detected with LIGO/VIRGO. In 2014, a Memorandum of Understanding was signed between LIGO/VIRGO and MAGIC to identify and follow gravitational wave sources. So far, MAGIC has followed up 3 events but it is expected to increase this number in the future.
Neutrinos follow-up
IceCube, located at the South Pole, is the world's largest detector that searches for neutrinos from the most violent astrophysical sources. The production of neutrinos is linked to the production of VHE and UHE cosmic rays. In 2012, MAGIC joined the Gamma-ray Follow-Up (GFU) program. Among the real-time alerts, all the four visible for MAGIC were observed, accounting for more than 30 hours of observation.
On September 22, 2017, the IceCube neutrino observatory detected a high-energy neutrino (E ν ∼ 290 TeV), arriving from a direction consistent with the location of the bright γ-ray blazar TXS 0506+056 [29] . There was an immediate follow-up by other instruments. Within the error circle of the event, Fermi-LAT found that the blazar TXS 0506+056 was flaring in GeV [30] ; also there were optical and infrared follow-up observations, obtaining a redshift of 0.336 with the 10.4 m Gran Telescopio Canarias [31] . MAGIC observed only ∼ 2 hours due to bad weather conditions. However, MAGIC resumed observations on 28 September observing the source under good weather conditions and obtaining a 5σ detection above 100 GeV after 12 hours of observations [32] . The spectral energy distribution of TXS 0506+056 is shown in figure 5 , showing the steep spectrum observed by MAGIC, which is concordant with internal γ γ absorption above 100 GeV entailed by photohadronic production of a ∼ 290 TeV neutrino. 
Summary
MAGIC has contributed significantly to the study of the gamma-ray universe, discovering new sources, Crab pulsations and rapid variability of IC 310, extending the EBL studies to z ∼1, putting strong constrains on DM, detecting VHE gamma-rays from the blazar TXS 0506+056 that originated a high-energy neutrino detected by IceCube, among other results. The most recent result of high impact has been the detection for the first time of a GRB at energies > 300 GeV. These results have been obtained thanks to the advances in hardware and data analysis development during the last years that have allowed MAGIC to observe a wide variety of sources, with good sensitivity, resolution and fast re-positioning.
MAGIC now lives its golden age. Both telescopes are working smoothly, obtaining high quality data that will allow the discovery of new sources and advances in the physics of the known ones. Also, synergies with other facilities operating at lower energies will be strengthened, allowing for a multi-wavelength/multimessenger approach capable to constrain the high energy processes at work in a variety of astronomical sources.
